This paper proposes an optimal parking site selection scheme to alleviate CO 2 emissions of the traffic flows for green urban road networks. Through the creative dynamic traffic zone programming, a constrained optimization model is set up to assess the impact of potential public parking locations on road traffic emissions. In each scenario, Thiessen Polygon based zoning method is applied to investigate the distributions of road traffics. The main contribution of this study is as follows. Firstly, this proposed model takes the CO 2 emission of the whole traffic network of sustainable city development as the optimization goal, instead of the traditionally discussed travel distance or cost efficiency. Secondly, a Thiessen polygon based public parking zoning method is developed and implemented realistically. This zoning method provides a precise approach to traffic distribution and parking demand estimation. Rather than the quadrilateral or radial zoning, this method pays more attention to the parking supply demand and its impact on parking congestion. Thirdly, the genetic algorithm (GA) is used to find the optimal public parking location (PPL) sets. GA has a great application value in speeding up stochastic search for global optimization. It is especially suitable to simulate complex and large capacity problems concerning the realistic solutions. By implementing the dynamic zoning and modelling method into intelligent transportation system (ITS), the efficiency of parking induction and dynamic optimization of traffic distribution could be ensured for the future smart mobility. Therefore, this model not only serves as a novel method for public parking allocations, but hold potential to support intelligent parking guidance, as a part of the intelligent traffic system for smart city development.
I. INTRODUCTION
Public parking space is normally viewed as a scarce resource in heavy traffic areas, and its limited capacity is one of the crucial factors in intensifying traffic congestion [1] - [4] . Taking Xi'an, China as an example, the parking garage shortages had been accumulated to near 100,000 from 2012 to 2015, as shown in Fig. 1 . Parking cruising and illegal parking caused by the limited parking availability, lead to congestion and make the concurrent carbon emissions to their The associate editor coordinating the review of this manuscript and approving it for publication was Zhen Ling.
highest levels [5] - [7] . According to [8] , vehicles will spend 3.5 to 14 minutes looking for an available public parking space, which result in extra carbon emissions and the traffic flow increases by 20-45% [9] . Paper [10] verified that an 18-minute illegal on-road parking will increase carbon emissions by 26 .5% on a lane with traffic capacity of 1200 vehicles per hour. Therefore, with the limited amount of affiliated parking resources, public parking plays an even more important role in mitigating this ever-growing parking demand and alleviating traffic congestion. Efficient management of stationary traffic through public parking space allocation would be critical in speeding up and smoothing traffics [11] . In this regard, it would be a major task for urban and traffic planners to provide an effective way of allocating eligible public parking space in limited developable construction area.
In response to this issue, several location models were proposed for public parking allocation [8] , [12] - [14] . For instance, the optimization model focuses on improving traffic efficiency of individual or special feeder system to minimize walking time, or parking cost, etc. [3] , [13] , [15] ; The constraint model aims to insure the group traffic efficiency with the sets of parking locations under limited conditions [16] - [18] ; The gravity model and traffic assignment model define the assignment of urban vehicles through a matrix of origin-destination determined by land use intensity, in order to find the best available parking location with the shortest travel time or walking distance, etc. [19] , [20] . By considering travel distance, time, or walking distance etc., these models are pursuing effective ways to improve traffic performances. However, it is difficult to ensure the ideal speed of the entire road network with lowest carbon emissions. It is well established that, there is a sixth-order curve relationship between the carbon emission rate and the vehicle speed [21] . The general trend of vehicle emissions in congested traffic is about 50% higher than the normal speed [22] . That is to say, a vehicle may emit less CO 2 driving on a longer but unrestricted route, rather than a congested but shorter one. In this context, the traditional model method cannot guarantee the optimal effect of emission reduction. Therefore, a new modeling method is expected to assign locations of public parking facilities on the basis of optimal system carbon emissions and more sensible traffic distributions in resource constrained urban areas.
However, as aforementioned, these conventional models are only static zoning based, in which street blocks or function zones are calculated for parking demand estimation and travel distribution. With these fixed calculation results of traffics, such modeling process can hardly react to the dynamic traffic changing in the real world. For example, if there are no available parking lots in one public garage, the parking demand would be resolved by nearby available parking places [12] . However, such behavioral response to these excessive public parking demand has rarely been applied into modeling yet [12] . Therefore, a dynamic partitioning and traffic assignment approach needs to be considered. Under the time-varying parking availability and traffic environment, the pre-determined traffic allocation schedule would be revised accordingly. Especially for the future development of smart parking, which is an important part of green intelligent transportation system (ITS), the real-time navigation would help to guarantee the parking route in the real world. The development of green ITS will provide an opportunity to reduce the impact of temporary individual public parking decision based on emission reduction, meanwhile, satisfying dynamic scheduling of traffic guidance.
In this work, we propose an optimized public parking location model with the goal of minimizing carbon emissions of traffic flow over urban networks. We apply an adaptive traffic zoning method through dynamic Thiessen Polygon generation. This method allows the simultaneous calculation of both traffic distribution and parking demand in each polygon. Genetic algorithm (GA) is used to find the optimal locations of parking garages among all possibilities. The implicit parallelism of GA makes it possible to search for multiple solutions of the public parking schemes, in order to obtain the optimal solution aggregately. These processes could provide a real-time feedback to dynamic parking demands effectively and ensure the minimum amount of carbon emission as public parking demand is satisfied. Using this proposed model, we take the real traffic and parking demand data of Xi'an city, China as a study case to testify the effect of public parking locating in congestion management. We analyze the variation of carbon emission amount from the original condition to the final optimal result. By doing that, the feasibility of the proposed model is verified. This model proposes a brand new idea for the utilization of public parking in green ITS. The management of public parking location is no longer just a way to passively meet traffic demands, but becomes an active management tool for vehicle emission reduction in real-time.
The remainder of the paper is organized as follows: Section 2 discusses related work about public parking solutions in dealing with traffic congestion; Section 3 presents the modelling method for the dynamic zoning via Thiessen polygons and Genetic Algorithm based optimization process; Section 4 discusses a practical case study and experimental results, and Section 5 concludes the paper.
II. LITERATURE REVIEW
A number of studies have attempted to investigate public parking at economic and social levels in dealing with traffic congestion [8] , [23] - [25] . These researches implement spatial equilibrium models and bottleneck models to reveal parking availability as a tool for travel demand control. However, the fact that traffic routing is always impacted by parking locations was often ignored in these modeling methods. As the adjustor of traffic routing, public parking is also seen as a way to help balance out traffic flows and prevent congestion [26] - [28] . Unlike ancillary parking garages which are serving for certain buildings with relatively fixed routes, the public parking garage (PPG) serves multiple buildings within a fixed distance. Drivers are likely to park then walk to their destinations. According to [28] , the selection of parking locations could possibly reduce crowded routes and balance traffic routing to mitigate congestion.
According to [29] , Congestion Management Process (CMP) is known as a systematic procedure, including identifying congestion and its causes, applying congestion mitigation strategies, and improving transportation system performances. Therefore, from a CMP point of view, the suitability of public parking allocation in congestion management is related to the process of traffic data collection, dynamic traffic assignment and system of performance monitoring. However, as [12] emphasized, although parking location is considered to have a significant impact on the operations of urban transport systems, the establishment of models often focuses on the impact of parking availability on the temporary decision-making of user travel routes, without proper integration with transport systems, land-use systems and other factors. Moreover, the location of public parking model is based on a location-allocation method. That is, with the unknown parking location and facilities amounts, the distribution relationship between parking supply and demand is not determined. Paper [28] conducted a series of parking location studies. It emphasized that changes in parking locations are also desirable for relieving congestion by matching traffic demand and supply within their service areas, and will cause changes in the modal split. Paper [30] used the real-world traffic data in 1969, taking the 4-step transport network model for the trip assignment phases and modal split. This 4-step model is a traditional method for traffic generation, trip distribution, modal split and traffic assignment. It has been applied in urban traffic planning prediction for a long time, but rarely used in parking facility demand forecasting. Therefore, this allocation model is related to the land use impacted traffic and parking demand, as well as the traffic allocation method. However, as we introduced before, this dynamic modal split of land use and traffic has not been fully considered in modeling procedure. This incentivizes us to rethink how to establish an iterative trinity modelling method to coordinate land use, dynamic traffic assignment and parking demand changing.
In order to achieve dynamic parking demand prediction and traffic assignment, the traditional zoning methods seem unsatisfactory. As is discussed before, traffic zone is often generated according to the similarity of land use and road conditions. The similar land use parts are classified as one traffic zone or parking functional zone (radius within 300m) for traffic distribution and parking demand estimation [18] , [30] . To achieve a more precise parking demand estimation results, paper [31] proposed the concept of ''parking generation cell'' in Planning and Evaluation of Urban Public Parking Lots Project (PPE_Pro) system. The parking generation cell is smaller than the traffic zone, consisting of several adjacent buildings as parking generation points. However, the meaning of ''similar'' for zoning seems unclear. More importantly, as we mentioned before, with this static zoning method, traffic assignment and parking demand is not able to represent the rescheduling behavior of land use model and follow changes in parking demand and traffic assignment. Moreover, traditional traffic assignment algorithms, such as the Dijkstra and Noyd are not able to be applied under a constrained model system. Whereas neural network and genetic algorithms have been implemented, and provide technical support to ensure the calculation efficiency and accuracy for the complex dynamic scheduling.
Optimization models can help determine the optimum location of public parking among the observed distributions. The optimization model for parking allocation has been proposed to benefit interested groups. In this sense, parking fee, travel time and cost, walk time, and parking construction cost etc. are considered as the variables of particular importance. However, to the best of our knowledge, none of current parking location modelling methods are taking congestion effect as criteria for carbon emission optimizations. In this regard, it is still unclear how to identify the control effectiveness of public parking location modelling for congestion management process. Therefore, several key issues that need to be addressed for modeling are optimization goals, constrain criteria, data acquisition methods and zoning methods.
Firstly, concerning the optimization goal, paper [18] presented location constrained and non-constrained models through genetic algorithms, to minimize total walking distance for all parkers at the location. Paper [20] took walking time, parking cost and travel distance as the impact factors, and aimed to find the "best possible" location sets for all day parkers. Some modelling methods are usually making decisions based on the traffic and parking demand situation in peak hours. Paper [17] introduced a multi-level and multiobjective location model for on-street parking and the goal is to optimize circuitous length and walking distance with off street parking facilities. Paper [32] developed a multi-index and multi-restriction model to minimize the total parking construction cost. Similar to what [32] have proposed, paper [13] extended the cost into a broader view including walking costs, model costs, construction cost and parking costs. Paper [3] integrated capabilities of the Geographic Information System (GIS) with multi-criteria decision analysis models to find the compromised parking site solution among interests of different groups. They provide a series of evaluation criteria for parking site location like the minimized land cost, distance to the road, average distance to recreation, administrative and commercial centers. In addition, the cost is another important factor in modeling for non-profit organization, like the university [33] .
Some constrain criteria settings are based on behaviors of parking operators and resource-limited urban environments. For instance, paper [15] proposed a single-target location planning model with the shortest walking distance to the parking garage. This model selects the location and berth allocation with the maximum allowable walking distance and other conditions, and finds that with the maximum allowable walking distance, the optimal solution set of position and berth allocation. Paper [34] developed a parking model especially for metropolitan area, where historical monuments are identified as constrain factors. Paper [35] took the maximum walking distance as a constraint factor. Similarly, paper [19] used walking time and searching time as constraint factors, concerning the likely individual travel behavior. To sum up, the commonly used constraint factors are as follows:
(1) service radius: usually within 5-6 minutes walking distance, or 200-500 meters. (2) accessible areas (3) construction fee.
From paper [36] , due to the limited traffic information, it is unlikely that drivers choose their parking routes to optimize the network performance. Even through the precise modeling methods, the effectiveness of the optimization modelling results will also be hardly ensured in the real world. Therefore, scholars have conducted a lot of researches on dynamic traffic induction systems to mitigate congestion [25] , [37] - [39] . In particular, intelligent parking system with navigation and ITS capabilities could be applied to enhance the parking location modeling to relief congestion. Therefore, in green intelligent transportation system and smart cities, it is necessary to choose an applicable public parking location modeling and analyzing method with dynamic programming and scheduling to ease congestion [27] . Such system is guiding people via dynamic parking schedules [40] . As paper [41] predicted, CO 2 emission can be ideally reduced by almost 45%, when traffic flow is smoothed in a constant state.
III. METHODOLOGY A. GENERAL DESCRIPTION
As discussed in the literature review section, CO 2 emission is often used as an indicator to measure the environmental impacts of congestion [42] - [44] . As there is a remarkable negative correlation between CO 2 emission and average traffic speed, the optimization target is to speed up traffic flow and minimize congestion related emissions, as described in Fig. 2 . Hence, in this approach, we investigate public parking allocations with iterative zoning schemes for traffic flow distribution and parking demand estimation. Traffic flow that follows Wardrop's second principle is generally considered to be system optimal (SO). The optimum objective of network system emission is therefore formulated by its relation with traffic flow, and mathematically expressed by the average traffic speed of each road. This approach achieves iterative zoning of schemes. The modeling constrains and zoning operations are as follows:
Firstly, we set the goal of emission reduction of the entire network. This 'GOAL' will be achieved through alternative public parking allocation schemes by two optimization approaches, which are the optimized parking garage amounts and their locations. Therefore, with iterative dynamic programing, the parking service area will be generated under different parking distribution scenarios. This approach is going to compute and update the amount of parking requirements and travel generation dynamically for each zone. Thus, there are two methods to speed up the traffic, either to redistribute traffic flows or to reduce the parking demand and traffic amount on certain roads.
1) This research assumes that public parking is modeled
under statured affiliated parking condition [5] , which complies with the parking rule of minimum walking distance. Because for a given destination, parking to the affiliated space is necessarily shorter than that of public parking. 2) We divide the research area in to several parking service zones [31] , in each of which there is only one public parking garage, and is used for the parking demand calculation, trip generation and distributions, as shown in Fig. 3 . 3) Buildings are considered as individual parking demand generation points in each zone. 4) Buildings included in the PPG service zone, that should have the minimum walking distance to this parking garage. 5) The service radius of public parking garage is no more than 300 meters. For each public parking garage, no more than 300 spaces. Specifically, if there are over 50 spaces in one public garage, its entrance should be at least 100 meters away from road intersections [45] . In this research, we propose a novel dynamic public parking zoning approach using the Thiessen Polygon method. We take each candidate public parking location as discrete point for polygon generation (see Fig. 4 (a) ). The boundary of each zone is the mid-perpendicular of line connecting two adjacent discrete points. Through the Nearest Neighbor principle, this zoning method is performed with the following characteristics: 1) Each building within the polygon has the shortest distance to its public parking garage.
2) The center of each public parking area is the discrete point for Thiessen polygon generation, where the polygon centroid is considered as the feature point for traffic distributions (represented by triangle and circle signs in Fig. 4 ).
3) The building centroid is the feature point for parking demand generation (represented by small dots in Fig. 4 ). If the building centroid is coincidently generated on the boundary of polygons (see Fig. 4 (b) ), the parking demand of this building could be attributed to either side. 4) Implementing this zoning system for the entire research area, the range of parking demand generation and traffic distribution is defined by each zone. Taking diagram sequences in Fig. 4 as an example, the sampled area is divided iteratively by Thiessen polygons. By doing this, the polygon covered building area, land use types and trip generations will be revised iteratively. Accordingly, based on this partition method, the zone-to-zone trip distribution will also be revised.
Comparing to the traditional zoning method, our division scheme has two irreplaceable advantages. Firstly, the traffic distribution is usually based on roads between intersections. However, even on one road the traffic flow might differ, resulting from traffic flux changes of incoming and outgoing vehicles (see Fig. 5 ). In a more precise manner, our zoning method helps to estimate traffic flow on each road, which is divided into several road segments by the boundaries of polygons. More importantly, as shown in Fig. 5 , when a vehicle is going to park in Zone , its distance to public parking lot of Zone should be shorter than any other lots in this area. The commonly used goal of shortest distance could be guaranteed through fitness functions. Benefited from the geometry character of Thiessen polygon zones, the workload and computational complexity of optimization is therefore dramatically reduced. Most traditional solutions to congestion problems are based on heuristic justification, among which, the most commonly used principle for traffic assignment was enunciated by [46] . As we have discussed before, traffic activities that follow Wardrop's principles can be formulated as mathematical optimization problems. Our goal is to achieve the minimum CO 2 emissions of the whole traffic network. Therefore, a traffic pattern satisfies the second Wardrop principle, which concerns the optimization of system performances, would be the optimal solution to the convex problem as described below: where, Z represents the network emission level; D r is the traffic flow on road r (pcu/h) 1 ; E r is the CO 2 emission rate of the average vehicle speed passing through road r; and L r is the length of road r.
In (1), E r is a function of the average traffic speed V r , described as follows [47] :
where V r is calculated as follows:
where t r is a function of t 0 as follows:
where, t r (D r ) is the time spent by passing through a road under D r flow condition. It is a Bureau of Public Roads Function (BPR function) of traffic flows on the road segment with road capacity of C r (pcu/h 1 ) [48] . While t 0 is the road impedance factor, namely the time spent when driving through the road section with the free flow speed. t 0 is the quotient of road length and the road design speed. In (4), α, β are retardation factors calculated in modeling. Here we set the default value α = 0.15 and β = 4 [21] , [49] . Thus, (1) can be further reformulated as:
The curve function used for f (v) calculation is shown in Fig. 6 . It is obvious that the flow pattern D r is the only variable needs to be optimized in (5) . Therefore, the main issue for system emission optimization is actually to confirm the optimal traffic distribution scheme of the network.
Essentially, our optimal approach for traffic distributions is based all sub-problems such as public parking demand estimations, trip generations and traffic demand calculations, etc. 1 pcu/h means the traffic volume unit of the passenger car per hour In the following subsection D, we will illustrate this iterative procedure resulting from the dynamic zoning process.
D. DYNAMIC TRAFFIC DISTRIBUTING SCHEMES
As Thiessen polygon has been introduced as a zoning method, the road between sections are no longer defined as the boundary of service zones. A brand new idea is that the road segments are separated by the boundary of the polygon boundary with the consideration of traffic distributions, where the segments set is K = {1, 2, 3 . . . k}. For each road segment k,
where, D k is the net traffic flow passing through road segment k; F represents the percentage of the usage of cars over the total of all traffic tools; D k denotes the total zoneto-zone traffic flow of road k; GP l k is the capacity of the public parking garages on road k; GA w k is the capacity of affiliated parking garages on road k; TR m is the turnover rate of the public parking space; TR w is the turnover rate of the affiliated parking space; OR m is peak-hour occupancy rate of the public parking garage; OR w is peak-hour occupancy rate of the affiliated parking garage.
In (6), the capacity of public parking garage is calculated as follows:
where, l is the total number of public parking garages on road k; PD i denotes the parking demand of zone i. And here,
where c denotes the land use category, ranged from 1-8. For example, c = 1 for residential, c = 2 for commercial, c = 3 for official, c = 4 for entertainment, c = 5 for education, c = 6 for industrial, c = 7 for public facility, and c = 8 for hospital usages, respectively. PG c is the parking generation rate of c, and A c is the size of c. In (6) , D k represents traffic flow on road k generated by entire interchange trips T ij . Therefore, according to the dynamic zoning method proposed in section III. B, the interactive traffic distribution and traffic demand estimation method are applied based on the gravity model:
where, ε is the coefficient of the gravity model, which is set to be 0. 8 here as an experience-value [50] ; TG i represents trip generation amount of zone i, TA j represents trip attraction amount of zone j; f (I ij ) is the impedance from i to j, defined as the shortest time spent from i to j at free-flow speed. In (9) , TG i and TA j could be calculated as follows:
where, TG c is the trip generate rate of land use type c at peakhours;
where, TA c is the trip attraction rate of c at peak hours. As introduced by [51] , [52] , we use theInverse Four-stage Land Feedback Modelto measure the dynamic zone-to-zone traffic flow on each road segment.
It needs to be noted that road segment k is not defined as a certain value, but varies according to the division method of polygon boundaries. This dynamic calculation procedure is also applied for the determination of A c , TG i , TA j , PD i , etc., which are related to the iterative zoning procedure, as shown in Fig. 3 and Fig. 5 .
Here take one zoning procedure related trip distribution as an example,
where, T ij q is the q th trip generated from i to j;
where, D k is the traffic flow on road k. The road segment is numbered from 1 to k, particularly according to the dynamic zoning method, the road number is iteratively revised. q is the number of OD pairs, and Q is the total number of OD pairs. w mk is the ratio of the q th OD pair T ij q allocated traffic flow on road k. Assuming that from i to j, there areS alternative routes in each OD pair. Therefore, based on the principle of Behavioral Science, general samples of the time spent from i to j should conform to Normal Distribution. Namely, the shorter time of a route duration, the higher probability it would be taken. Therefore, from i to j, the probability of ∀S route to be chosen is estimated as:
where, µ is the expectation value, as the shortest time spent from i to j for most vehicles; θ is the traffic conversion parameter, θ = 3∼3. 5 [53] ; T S is the travel time of each route. Therefore, the total probability of the q th OD pair allocated on the k th segment isw mk , as follows:
where, H is the number of routes through the k th road segment; In (15) , the feasible routeS is determined by the following steps: Step 1: Find the effective road: Based on the road intersection set N = {1, 2, 3, a . . . b . . . n}, we calculate the minimum travel times from each intersection to the starting point, which are marked as T (1), T (2) . . . T (n). If T (a) > T (b), the road between a-b is considered as an effective road.
Step 2: Set up a feasible route with effective roads selected in step 1;
Step 3: Counting how many times a-b has been allocated with traffic flows by entire interchange trips T ij , as is marked as H .
To sum up, the optimization procedure for dynamic programming is shown in Fig. 7 . Through the optimization of traffic flow in each road segment, the goal of mitigating congested CO 2 emissions for green ITS will be achieved. The locations of public parking garages will determine how the analysis zones are divided. The land use and traffic factors are changing dynamically. Such changing process will in turn affects the traffic flow and parking demand generation across zones, thereby producing dynamic trip distributing schemes.
E. SOLUTION
The proposed model is a dynamic scheduling procedure via multiple criteria optimizations. This dynamic zoning method will impact land use and traffic system revising. Meanwhile, the set of feasible public parking locations is typically defined by complex constrained factors in urban areas, as well as construction limitations. Genetic algorithm (GA), featured in implicit parallelism and global information need, is a powerful way of searching a range of tasks to discover the optimum solution of the system [21] . Therefore, GA is applied in order to efficiently find the best solution among the complicated set of revised parameters. In this paper, the Partheno-Genetic Algorithm (PGA) is used to solve the problem. This method helps to generate solutions for carbon emission optimization through an efficient way by avoiding local equilibrium and decreasing computational complexity.
In general, there are several specific methods of genetic algorithms in solving multi-objective optimization problems, such as, weight coefficient change method, parallel selection method, arrangement selection method, shared function method and mixed method [31] . In order to facilitate programming complexity, meanwhile satisfy the simultaneous reorganization of traffic and parking demands, the parallel selection method is adopted in this research. The specific programming process is as follows:
1) CODING OPERATION
In this study, genes are initialized utilizing the realnumber encoding method to encode various candidate parking garages. The coding sequence of parking garages is 1, 2, 3, 4, . . . m.
2) GENERATING AN INITIAL POPULATION
Every chromosome consists of various genes, corresponding to possible solutions of public parking garage sets. The initial genes of public parking garage sets are randomly selected. For instance, if there are 30 candidate public parking garages, numbered as 1, 2, 3 . . . 28, 29, 30, the chromosome could be defined as {1,3,7} or {1,2,9,10,30}, etc.
3) DEFINING THE FITNESS FUNCTION
The fitness function is used to evaluate the solution results in GA. As we described in section 3.1, the purpose of the optimized public parking location model is to optimize the CO 2 emission amount for the whole traffic network. Such fitness function is expressed as below: (16) which is subject to the flow constrains and road constrains st.
where, f ij k represents the traffic flow from i to j on road segment k; Q ij represents the total flow from i to j; 
4) POPULATION SELECTION
The purpose of the population selection is to choose a better individual form of initial parking garage coordinates group, and act as a parent for the next generation. The criterion for judging the superiority of the individual is the result of fitness function of each solution set. The better fitness value of an individual, the greater probability of it to be selected for next generation.
5) CROSSOVER
Due to the effect of the replication among generations, the coordinate solution in the mating pool have reduced the average emission amount of the entire system. As the replication process did not produce a new set of coordinates, the fitness of the best individuals in the group will not be decreased. The crossover process is acting on two population groups, which are randomly selected from the mating pool. By selecting parking garages set group with better individuals, the final generation will contain the best legacy of the parent strings.
6) MUTATION
For each public parking garage in a chromosome, mutation will be performed with the same probability. For instance, the current value of one gene is 0 means this parking garage will not be selected in the population group. If mutation happens, the value would be changed to 1, which means it has some opportunity to be selected for the next iteration.
To sum up, as shown in Fig. 8 , the steps of using GA to achieve the optimized CO 2 emission of the traffic network are as follows: Step 1: Initialization. Set population size, chromosome length, number of iterations, crossover probability and mutation probability.
Step 2: Applying binary integers for coding of each public parking garage coordinates and randomly generate the initial population.
Step 3: Calculate the fitness function of each generation with iterative approaches. This approach is separated by three parallel parts, namely Thiessen polygon based zoning, traffic assignment and emission calculation. Sort all individuals from parental generations and select the better individuals and eliminate inferior individuals to produce a new population of public parking sets.
Step 4: Based on the crossover probability, perform a crossover between individuals with random connections. Perform mutation on individual parking garage based on sited probability of mutation.
Step 5: Confirm whether achieved the maximum iteration number or not. if Yes, output the optimal solution of public parking garage locations. Otherwise, return to step 3 for the next round of iterative calculations. Fig. 9 shows a sample site near the Bell Tower center and Jiefang commercial center, downtown of Xi'an, Shaanxi, China, which is a popular historical site of the Ming Dynasty, with high-intensity of land use and obvious public parking shortage. In such areas, the traffic flows are significantly exceeded their parking and road capabilities, and make it prone to heavy congestion with slower or fluctuated traffic speeds, which results in higher CO 2 emissions. The limited constructible space makes the available new public parking locations vital to relief congestion.
IV. CASE STUDY
To build a reliable parking model, we converted Fig. 9 into a simplified road map (as shown in Fig. 10 ), and conducted a site survey for the existing public parking garage (PPG) from June 1 st 0: 00 am to June 30 th 23: 59 pm, 2017. Table 1 shows several samples from the total of 11,159 parking data collected from PPL No. 1-01-0-0148, 2 including parking in time and checking out time of each individual vehicles. Based on these huge amounts of statistical data of public parking behaviors, the turnover rate and parking occupancy rate are determined for the future simulation purpose. As indicated in Fig. 11 , we specifically study the impact of public parking location on the parking demand and traffic flow during the challenging morning peak hour (8: 00 a. m. to 9: 00 a. m.).
As clearly shown in Fig. 11 , during the morning peak period, most cars are rushing into the public parking spaces, whereas the outgoing flow is relatively negligible. Therefore, without losing generality, during the morning peak hour, we directly use the incoming flow to derive the net flow function as below: (17) according to the previously discussed traffic statistics, the following parameters are chosen as: F = 0. 7, OR w = 0. 5, TR w = 2. 0∼3. 0; Here, we assume GP l k in saturated condition in Table 2 , thereby U pk = 1, T pk = 1.
The parking demand function is: PG 5 = 0. 5; c = 6 PG 6 = 0. 8; c = 7, PG 7 = 0. 6, c = 8, PG 8 = 0. 6, per 1000m 2 area at the peak-hour [45] . Taking c = 8 as an example, PG 8 will generate 0.6 vehicle parking demand within a 1000m 2 ' hospital building at the peak hour. Next, we would like to introduce the mathematical modelling for trip generation, parking allocation and traffic distribution in dynamic zoning. Fig. 12 shows the building information of the sample district. In this district, there are 28 buildings, 10 of which have affiliated parking garages.
The lower left corner of the road section is defined as the coordinate origin. Based on this point, the coordination of each centroid is marked, as shown in Table 2 . By implementing building information into modeling, the centroid point of each building is considered as the feature point. Fig. 13 shows the candidate public parking garages. In this example, we assume that there are in total of 5 existing VOLUME 7, 2019 public parking garages and 2 awaiting for construction can be selected for the best traffic performance in the network. In this case study, we take the maximum sites of 7 for the optimized performance. Based on the locations of these green triangles, 7 separate Thiessen Polygons are created as parking analysis zones. The information of each polygon is represented by their centroid, the yellow dot. More details of the roads' information of Fig. 13 is listed in Table 3 .
Furthermore, the information of road sections of Fig. 14 is also listed in Table 4 . Table 5 provides basic information of these 7 public parking garages and their polygons.
The link is created from the centroid of AZ to the nearest road section, as shown in Fig. 14. All the traffic flows generated within AZ are distributed through links to the road networks. Based on the generated links, their length and locations of centroids are measured, as shown in Table 6 .
In this example, a total of 7 centroids of polygons are considered as feature points for the traffic assignment and are connected via different links. The feature of 7 links among 7 public parking and 24 roads scenarios are shown in Fig. 15 . Although a downtown area is chosen in this case study, but it will be easily expanded to other constrained optimization models. As shown in Fig. 15 , the basic approach of our research is to divide the study area into Thiessen polygon formed parking analysis zones. Based on these zones, the traffic distributions and parking demands will be achieved to further alleviate the congestion and carbon emissions.
In this study, according to the previous calculation process, if there are more than 7 parking candidates, the computing complexity will be a way too high. This will, in effect, result in a poor search efficiency because of the large amount of potential calculations. We conducted the dynamic zoning process and traffic distributions through MATLAB (MATrix LABoratory) programming (MATLAB 2016a). The computing environment is the Microsoft Windows 7, with 2.6 GHz Intel Core i7 central processing unit (CPU), and the graphics processing unit (GPU) is Intel HD Graphics 4000 (1536 Mb). The optimal public parking allocations are achieved via the Partheno-Genetic Algorithm (PGA) that was discussed in section 3, as shown in Fig. 16 . From the total 1-7 available parking sites, [4, 1, 6, 5, 7] are finally chosen as the best 5 parking locations. Fig. 17 shows the effect of Carbon emission reduction through various PGA iterations. It can be clearly observed that several rounds of PGA optimizations are needed to achieve the best traffic and carbon emission alleviation result. In this simulation, the carbon emission amount has been slightly dropped after the first several rounds of optimization, and reached the best rest after the 4 th round iteration and no further improvement after that. Through this case study, it seems that an appropriate number of iterations for the best overall performance is expected and will be a very interesting and realistic topic for future studies.
V. CONCLUSION
This paper proposes an optimal parking site selection scheme to alleviate CO 2 emission of the traffic flows in green urban road networks. Through the dynamic traffic zone programming, a constrained optimization model has been set up to assess the impact of alternative public parking locations on road traffic emissions. In each scenario, Thiessen Polygon-based zoning method has been applied to investigate the distributions of road traffics. A case study example is then discussed to verify the proposed public parking location (PPL) assignment is an optimizedrealistic solution for green intelligent transportation systems (ITS).
The main contribution of this study is as follows. Firstly, this proposed model takes the CO 2 emission of the whole traffic network as the optimization goal instead of the traditionally discussed distance or cost efficiency. Hence, a better PPL solution could be provided for congestion relief in sustainable smart city development. Secondly, a Thiessen polygon based public parking zoning method is developed and implemented realistically. This zoning method provides a precise approach to traffic distribution and parking demand estimation. Rather than the quadrilateral or radial zoning, this method pays more attention to the parking supply demand and its impact on parking congestion. More importantly, the nearest neighbor principle of Thiessen polygon is used for optimization. The commonly used goal of shortest distance could be achieved through fitness functions. This amelioration is vital to improve calculation efficiency for the complicated optimization research. Thirdly, the genetic algorithm (GA) is used to find the optimal PPL sets. GA has a great application value in speeding up stochastic search for global optimization. It is especially suitable to simulate complex and large capacity problems concerning the realistic solutions. Last but not least, this research also shines a new light on an evidence for static traffic with a strong ability to influence the dynamic traffic flow. Especially in terms of congestion control, this dynamic zoning method could be explored to a wider scale for real-time traffic inducement. With the real-time traffic information provided by the roadside sensors of ITS, the dynamic zoning based parking guidance would have potential to promote traffic system performances under the support of smart city infrastructures. By implementing the dynamic zoning and modelling method into intelligent transportation system, the efficiency of parking induction and dynamic optimization of traffic distribution could be ensured for the future smart mobility. APPENDIX VOLUME 7, 2019 areas of wireless communication and multimedia signal processing. He is the chair and also a committee member of several conferences. He is a recipient of the Best Paper Award of the ACM ANSS 2011 and another of his paper is nominated as the Best Paper in the IEEE BCGIN 2011. He has served as a Guest Editor in several special issues for the International Journal of Distributed Sensor Networks.
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